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Abstract 
Cross-docking plays an important role in supply chain and can reduce delivery lead times, inventory holding and transportation 
costs. However, the advantages of cross-docking would be reduced without an efficient vehicle routing. This paper considers a 
split vehicle routing problem (SVRP) with capacity constraint for multi-product cross-docks. In VRP with split deliveries 
(pickups) customers (suppliers) are willing to receive (send) goods in multiple shipments and each node can be served by more 
than one vehicle. The problem is formulated as a mixed-integer linear programming (MILP) model in the GAMS software to 
determine the best vehicle routes and the optimal number of utilized vehicles.  
Keywords:Cross-docking,Splitvehicle routing problem,Multi-product, Supply chain, Mixed-integer linear programming; 
1. Introduction 
Cross-docking is an approach that means a continuous process to the final destination through the cross-dock, 
without storing products and materials in a distribution centre for a long time. In contrast to traditional warehouse, in 
cross-docks, the receiving products are put in the storage area in a limited time. When the customer order arrives, 
the products are picked and shipped to the customer. In addition, because of its nature, the cross-docking is more 
appropriate for products that have stable demands and fast moving items, such as groceries or agricultural products 
(Agustina et al., 2010). Using this strategy leads to reduction in the material handling cost, customer orders 
turnaround times and storage spacerequirements. One of the key factors of success in cross-docking management is 
to decrease or eliminate the storage period that results in smaller storage space (Apte & Viswanathan, 2000). 
According to Cordone (2001), at least four possible minimizing objective functions have been considered in the 
literature; namely the number of vehicles, the total travel time (cost), the sum of completion times and the sum of all 
route durations. However, the objective of the vehicle routing problemsconsidered in cross-docking are almost to 
minimize the total distance and the number of vehicles that start from and end at the central depot (Liao et al., 2010). 
According to a review carried out by Agustina et al. (2010), there are operational, tactical and strategic levels for 
making a decision in cross-docking, which include scheduling, duck door assignment, transhipment and vehicle 
routing (as operational level);layout planning (as tactical level) and network design problems (as strategic level). 
Most studies in cross-docking have been focused in scheduling problems of inbound and outbound trucks, which are 
not related to our work. The reader may refer to Boysen and Fliedner (2010) for more details. Sung and Song (2003) 
proposed a tabu search (TS) algorithm for an integrated service network design problem to find locations of both 
cross-docks centres and allocation of vehicles. Chen et al. (2006) studied the distribution planning problem for a 
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cross-docking network considering delivery and pick-up time windows, warehouse capacities and inventory 
handling costs. They presented simulated annealing (SA) and TS algorithms to solve the problem.  
 
The classic vehicle routing problem (VRP) involves the service of a set of customers with known demands by a 
k of Lee et al. (2006) is probably the first study that 
considersthe VRP and cross-docking in one problemsimultaneously. They proposed the TS algorithm to determine 
the number of vehicles and the optimal vehicle routing schedules at a cross-dock in order to minimize the sum of 
transportation cost and fixed cost of vehicles (Liao et al., 2010). Some researchers have considered simultaneous 
arrival for vehicles of the pickup fleet that are assumed by Lee et al. (2006) and Liao et al. (2010). If all vehicles do 
not arrive at the cross-dock simultaneously, some vehicles have to wait and the consolidation process is delayed 
until all goods are collected. Therefore, they proposed a concurrent arrival time for all vehicles in the pickup process 
to reduce the waiting time.  
2. Problem definition 
When the cross-docking strategy is utilized in the supply chain, products in various locations are collected in the 
cross-dock before being shipped to their final destination. Then handling operations (i.e., weighing, sizing, 
packaging, pricing and labeling products) of inbound trucks are done. After classifying products according to their 
destinations in the cross-dock, products are shipped from the cross-dock to their destinations. It is assumed that 
splitting pickup and deliveries are allowed and there is a planning horizon to receive products at cross-dock, and 
simultaneous arrival of vehicles in pick up fleet is necessary. All vehicles do not have necessarily the same capacity, 
in which each of them has the capacity Qm. A positive demand of product r is associated with each demand point; it 
is assumed to be known a priori that product types and the quantity of each product loaded in each pick up point. 
The cross-dock is denoted by 0 as an initial node of an arc, with Ser0= p0=0. All vehicle routes start and end at the 
cross-dock. The objective function tries to minimize the total travel cost for a number of routes. Figure 1 shows a 
cross-docking network, in which splitting service in nodes is allowable and pickup node 3 and delivery node 4 are 
visited by two vehicles. 
 
 
 
 
 
 
 
 
 
 
Figure 1. Cross-docking network concept when splitting service is allowable 
2.1. Indices and sets  
i, j, k Index for nodes (suppliers and customers) (i, j, k =1, ... , N)  
r  Index for products (r =1, ... , Ri) 
m,  Index for vehicle (m =1, ... ,V) 
0 Cross-dock 
P  Set of pickup nodes  
D  Set of delivery nodes  
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2.2. Parameters 
V  Number of available vehicles serving suppliers and customers 
Qm  Maximum capacity of vehicle m in pick up process 
tcij  Transportation cost from node i to node j 
Com  Operational cost of vehicle m 
tij  Travel time from node i to node j 
bir  Loaded quantity in pickup node i from product r 
dir  Unloading quantity in delivery node i from product r 
Seri  Service time of node i 
  Beginning of the service at node i by vehicle m 
ATm  Arrival time of vehicle m at the cross-dock (ending time of the pickup process) 
2.3. Variables 
  1: if vehicle m moves from pick up node i to pick up node j; 0: otherwise 
  1: if vehicle m visits pickup node i; 0: otherwise 
  Transported amount from product r in pickup node i by vehicle m 
  Transported amount from product r in delivery node i by vehicle m 
2.4. Mathematical model 
This section presents a mixed-integer linear model for the given problem with the above-mentioned notations. 
The objective function tries to minimize the total operational and the transportation cost by determining the best 
route and the optimal number of the utilized vehicles. 
 
 (1) 
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Constraints (2) and (3) insure that the route starts from and ends at the cross-dock for each vehicle. They also 
imply that all vehicles are not necessarily applied in the process. Constraint (4) shows that one vehicle has to visit 
each node. Constraint (5) guarantees the consecutive movement of vehicles. In Constraints (6) and (7), the 
possibility of splitting orders is shown. They state that it is possible for each node to be visited by more than one 
rout. Constraint (8) shows the maximum number of available vehicles. Equations (9) and (10) ensure that pickup 
and delivery processes are not intermixed. Constraint (11) prevents from loop and guaranties that each vehicle 
continues its rout and Constraint (12) prevents backward movement routes. In Constraint (13), the amount of 
unloading by total vehicles that meet delivery node i should be equal to demand of it. Constraints (14) states that at 
each node i, the delivery amount of product r by vehicle m, , should utmost be equal to its demand. Constraints 
(15) and (16) are similar to Constraints (13) and (14), but for pick up nodes. In Constraints (17), the total carrying 
amount on vehicle m should not exceed its capacity. Constraint (18) sets a minimum time for beginning the service 
in each node and also guarantees that there will be no sub tours. Constraint (19) shows the time horizon for vehicles 
to travel,which is an allowable interval for each vehicle. The arrival time at the cross-dock for each vehicle is 
represented in Constraint (20) and the constraint for simultaneous arrival to a cross-dock is given in Constraint (21). 
Constraint (22) shows the binary and non-negative variables. 
3. Methodology and numerical experiments 
In this section, we evaluate the tractability of the proposed programming model in terms of the solution quality 
and the required computation time. To do this, we perform some numerical experiments on a set of randomly 
generated problem instances in small sizes. The programming models are implemented in Gams 23.6 modeling 
language. All experiments are implemented on a Laptop with a Core 5 Duo CPU processor and 4 GB of RAM. The 
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required input data of the test problems are presented in Table 1. For each test problem, the value of objective 
function and CPU time is reported in Table 2. In this table, when the number of available vehicles is increased, the 
objective value decreases in some cases; because, it is possible to use a vehicle with a less operational cost in the 
fleet. Although the computational time does not have a large amount in this problem, it is obvious that an efficient 
heuristic method should be used to obtain near-optimal solutions for more complicated problems. 
 
Table 1. Some important inputs for models 
 
Inputs Value 
 U~ (100, 300) 
 U~(300,1000) 
 U~ (10,100) 
 U~ (50,200) 
 U~ (50,150) 
 U~ (10,50) 
T  960 
 
Table 2. Numerical result for a set of 10 test problems  
 
 
 Problem size  GAMS software 
Test 
problem 
 V  Number of 
pick up nodes  
 Number of 
delivery nodes 
 R  Number of used vehicles 
 
Obj.value  CPU time (sec.) 
1  8  3  4  2  3  2581  0.016 
2  8  3  4  3  4  3419  0.031 
3  10  3  4  3  4  3365  0.031 
4  10  5  5  2  4  4036  0.032 
5  10  5  5  3  6  5572  0.0311 
6  15  5  5  3  6  5343  0.062 
7  12  6  6  2  6  5629  0.048 
8  15  6  6  2  6  5583  0.041 
9  12  6  6  3  6  6268  0.047 
10  15  6  6  3  6  5959  0.061 
 
4. Conclusion 
The vehicle routing problem (VRP) with the splitting orders and capacity constraint for cross-docking has been 
considered in this study. In this problem, a set of vehicles has been available to serve a set of transportation needs. 
Each request has specified a location (node) that should be visited by one or more vehicles. A mathematical model 
has been presented with the objective of minimizing the total operational and the transportation cost. It has been 
coded in the GAMS software for small-sized problems. Then, numerical experiments have been conducted to show 
the applicability of the proposed model. For future research, a heuristic or metaheuristic algorithm can be used to 
solve large-sized problems. 
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